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Dr. Dianne Nielson
Director, Utah Department of Environrnental euality
L68 North L950 West
P.O.Box l-4481-0
Salt Lake City, Utah 84114-481_O

Dear Dianne:

Thank you for your participation in the last meeting of the
Technical Review committee. I have enclosed a copy of the minutes
for your review. I have also copies of the overheads used by the
U.S.G.S. to be included with their guarterly report.
The next meeting of the Technical Review Committee is scheduled for
October 20, L993 at 9:00 a.m. Ken Kipp may have a conflict with
this date. If this does happen, we have scheduled November L7,
l-993 as an alternative date. Pl-ease save this tine on your
calendar.

I appreciate a1l- the efforts of each member of the committee, even
those of you who have had to rniss a few meetings. The TRC has been
instrumental in keeping this study on track. r look forward to
seeJ-ng you at the next rneeting.

Sincerely,

Deane H. Zeller
District Manager

Enclosures
As Stated Above



Uinutes of the Technical Review Connlttee
Pre and Post Meetings of JuIy 28, L993

Recorded by Philip Allard
Attendance:

Committee Members:
PauI Anderson (PA)
Craig Forster (Cf)
Jirn Kohler (JK)
Stanley Plaiser (SP)
Ton Netelbeek (TN)

BLM Representatives:
Phil Allard (PhA)
Mike Ford (MF)
Doug Koza (DK)

U. S. G. S. Representatives:
Jim Mason (JM)
Lee Case (LC)
Ken Kipp (KK)

Premeetincr

The premeeting began at 9:10 am in the Salt Lake District
conference room. The representatives frorn the USGS $/ere not
present.

1. PA introduced the minutes from the 5/5/93 meeting. PA moved to
approve them as written. CF seconded the motion and all members
present voted to approve. PA then introduced the corrected minutes
of the 2/2/93 and the 2123/93 meetings. PA rnoved that they be
approved as written. TN seconded the notion and all members
present voted to approve.

2. PA then introduced the USGS progress report for discussion. PA
said that he was concerned about the approach used to analyze the
potential redistribution of salt. He was concerned that the
elevation of the casings could have changed which could be a source
of error. CF said that the only way to be certain that the casing
had not moved over the winter was if you had elevation survey both
before and after the winter. JK indicated that he would even
concerned about the deep wells. CF said that it was reasonable to
assume that some movement of the casing could have occurred. PhA
said that an elevation survey of the casings was scheduled for late
August. TN questioned if there really would have been significant
changes to the elevation of the casings. PA said that he didnrt
know but he felt that this could be a potential source of error in
the analysis and wanted to be sure that the USGS had considered it.
PA suggested that this concern be raised with the USGS.



3. TN said that he was concerned about the satellite imagery. He
hras concerned that USGS was not ordering a scene from fall of 91
solely because of lack of funds. TN suggested that this scene
could be irnportant. CF asked if there was a need to get fa}l of 91
and spring of 92. PA said that this was a good idea. CF said g2
fall was important because of the better ground truth than the
first season of the study. JK said that the were probably
selecting the scene they were because they have seen nen salt
crust. PA said that if they were to use satellites in calibrating
the model than additional satellite data may be needed. PA said
that TN should be sure to get clarification from the USGS on this
issue.

4. PA said that he was not clear on the need to have the salt
surface dry before they sampled the water from the wells. He said
that he planned to ask about this.
5. JK said that he was concerned about the statement about there
was no apparent recharge of the K to the aquifer yet at the same
tirne you have no depletion of K from the aquifer due to mining. SP
said that the May data might be able to clarify this. PA said that
the third paragraph on page 3 (discussion of dual porosity) rnay be
related to this. PA said a similar explanation as presented here
may explain the K phenomenon. SP was concerned that the cores for
the pore fluids may not have been from the same interval as is
yielding to we1ls. JK observed that K appeared to be a renewable
resource.

6. TN was surprised that the USGS is saying that the computer
nodeling has not been successful, yet is was sold as the key
element of the study. CF said that this was a classic situation
with models. The modeling effort appears to be behind schedule.
CF said that some of these issues are surmountable but it is not
clear that there is the time to do this. TN said that this rnay be
something to pass on to Deane.

At 9:30 the premeeting concluded and the USGS were invited to join
the meeting.

Post Meeting

1. PA asked about the status of the density survey. PhA said that
it was planned for early September and that a density meter would
be used. PA asked how it would be calibrated PhA said that it
would be calibrated in the surface salt. PA suggested this rnay not
be sufficient and requested that the TRC be contacted to discuss
the details over the phone when it was ready to run.

2. PA spoke briefly about the confidentiality issue and about the
status of the Environnental Assessment for the salt laydown
proj ect.



3. TN had a question about the rnodeling. If the cross sectj.onal
models are to be part of the report he was concerned because they
didn't look like how he understood the system. TN pointed out that
KK had said he only spends 252 of his time on this project. TN
asked how much modeling was yet to be done? How much can be done
with the funds that are remaining in the study.

4. ft was the consensus of the members of the TRC present that
the are concerned about the progress of the computer nodeling.
They are concerned that the model that will be produced nay be
substantially less than that in the original proposal. They
recommended that Deane Zeller discuss this issue with Lee Case.

5. The last iten discussed was the role of the TRC after the study
was completed. The questi.on was raised as to a continuing role for
the TRC. The issue was discussed but not resolved.



Minutes of the Technlcal Review Conmittee
Meeting of July 28, 1993

Recorded by Philip Allard

Attendance:

Conmittee Members:
PauI Anderson (PA)
Craig Forster (CF)
Jin Kohler (JK)
Stanley PIai.ser (SP)
Ton Netelbeek (TN)

BLM Representatives:
Phil Allard (PhA)
Mike Ford (MF)
Doug Koza (DK)

U. S.c. S. Representatives:
Jim Mason (JM)
Lee Case (LC)
Ken Kipp (KK)

1. PA welcorned the USGS people and turned the meeting over to JM.
JM started with slides. The first slide showed a large flow of
water through culverts in the freeway from south to north. This
was fron the third week in May 93. It showed 19 new culverts in
the free$ray. This flow started in February or March. The density
of the water at this point was about 1.04. Then he showed the
weather station underwater on the May 2L sampling run to look at
vertical circulation. Then he showed a slide of flow through a
breach in the Salduro dike at the north end of the dike. This is
one of two or three breaches through which brine moved. At this
point the water was near saturation. This indicates that the
fluids picked up salt from the area within the salduro loop and
deposited it out on the northern portion of the salt flats. JU
then showed a picture of another set of culverts. JM said the
source of this water was precipitation, and the salt redistribution
from this spring and sumrner may be an analog of the proposed salt
laydown project. JM then showed a picture of the piping on the
Silver Island alluviaI fan. JM then showed pictures taken in early
JuIy. From the north end of the raceway you can see salt to the
horizon. He showed a slide from the sane area in 92 which showed
a salt surface broken by pressure ridges. The new salt surface is
bunpy in places. JM then showed new salt innediately adjacent to
the collection ditch which they measured to be .15 inches thick.

2. JM then started a discussion of the progress report. JM said
that they had instrumented we1ls on the alluvial fan near the
interface with vegetation. They had not yet reduced the data from
the data logger. cF asked if there were any generalities that
could be rnade by looking at the data. JM said he did see a change
in elevation of the ground water surface on June 20 but there was



no obvious diurnal variation. JM said that the data logger was
recording every four hours. CF asked if they could record more
frequently, for example once per hour. JM said that they would
consider this, but that once every 4 hours should be sufficient.
He said that one recorder was placed in vegetation and one was
placed in the mud flats.

3. JM then showed a map that indicated the location of the pond.
One run was made on 5/24 and the other was made on 6/L5. The nap
was cornpiled by mounting a GPS unit on the back of a four wheeler
and then driving around the circumference of the pond. During the
5/24 run there was a south wind that influenced the shape of the
pond.

4. JM said that during water level measurements they take the
measurernent from the top of the casing to the top of the salt
surface. They produced a contour map from these measurements from
the March-April water level data run. They compared this to the
previous reference points from the fall. This past winter is
probably an extreme case, the wet end point of weather variation.
This winter would show the kind of salt distribution that occurs
during the wet end point. They know how much precipitation there
was. They can estimate the amount of salt removed from areas that
lost salt as measured at the casing. They can use this estirnate to
develop an estimate of the amount of water that entered fron the
south (noving a certain amount of salt requires a certain amount of
water), and, since they know the salinity of the water that entered
from the south, they can then estirnate the arnount of new salt
brought frorn the south. This is a mass balance approach to rnaking
this estinate. PA said that this assumes that no salt goes into
the shallow brine aquifer. JM said that this vtas true and that
they were looking at various sources of error, but that this
approach will generate an estimate. JM also said that casings
could also move, and in welJ.s completed with votclay(?) grout this
was more likely because the grout had not adhered well to the side
of the hole. CF asked if they were planning new wells. J]"t said
no. He also said that the ten new well-s that they augured had the
casings packed with backfilled cuttings. PA said that the he was
also concerned that the casings rnay have moved and asked how the
USGS was thinking of isolating this error. JM said that the only
way to pin this down would be to survey the elevation of the top of
the casing and that this had been scheduled with the BLM. JM said
that he would like to measure the elevation on all of the wells;
some of the wells already have elevations, so they should be able
to tel1 if these moved. This will give a good feel for how
significant casing movement may be. MF asked is salt gain was in
any way related to topography. JM said no. This is because the
areas of salt gain are to the east, and the topographic low is on
the west side of the salt flat, away from the salt gain area.

5. JM said that they hand augured a series of wells near the
collection ditch. They observed that they had little water enter
the bore hole in the first 2 Eo 3 feet, but after this depth hrater
rapidly entered the bore hole. JM said he felt that this indicated
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that the fractured controlled aquifer doesn't extend to the
surface. He said that there is tighter material at the surface
than at depth. CF suggested that there is also an alternative
explanation. Perhaps the material at the surface has had more
diagenesis than the naterial at depth and the lower naterial has
intergranular rather than fracture flow. JM said that his point
was that there is probably little infiltration from the ponded
water into the shallow brine aquifer in this area of the nud flat.
JM asked cF if he had evidence to support his proposal. CF said he
hadn't followed it up but is suggesting that there is rnore than one
hypothesis available. PA asked if JM was suggesting that the
fractures in the shallow brine aquifer aren't in contact with the
base of the salt crust. JM said that he was not suggesting that
the same conditions exist under the thick salt crust. It is only
in the area near the collection ditches where this has been
observed.

6. JM then showed overheads (attached to rninutes) that listed
provisional chemistry of surface water and shallow well water. TDS
vras the same but there were differences particularly in K and Mg
concentration and isotope ratios. JM said that he still questions
if there will be mixing of these waters as the year progresses.
They should be able to identify this should they see changes in the
chemistry of the shallow brine. This is also a way to approach the
questions of circulation in the shallow brine.

7. TN asked about the use of satellite data. He said that
originally it had been proposed to have a scene fron the faII of
91. fn the quarterly report it says the scene from 91 wasn't to be
acquired unless it is found that the data will be useful. TN said
he didn't understand why fall 91 wasn't to be acquired especially
since 9L-92 was a more normal year than 92-93. JM said that there
were several reasons for this. They have little data for use in
ground truthing the 9L-92 period; there was little change in the
salt crust between fall and spring 9L-92; and finally each scene
costs $g,too for just the data, which doesn't include any data
processing. JM said that adrnittedly things change throughout a
study like this one. The pond migration issue has been the rnost
difficult to get under control. At this point it appears that the
best potential for results is in the chemistry data.

8. JM then discussed the long terrn trends in K data, 81 data
indicate depletion of K but there is the possibility that this is
a seasonal variation related to mixing of the shallow brine with K
depleted waters (precipitation). The specific gravity of the
waters is the sane but the K values are depleted in the May 81 data
set when compared to both the 66 and 92 data sets. Both the 66 and
92 data sets are late summer/falI data collections. PA asked if JM
had any suggestions as to nechanism for this. JM suggested that
surface pond water is depleted with regard to K and MG because the
ponds pick up their salts by dissolving the NaCl rich crust' In a
year with little precipitation you get ponds from ground water rj-se
and may see no change in chemistry. In large precipitation years
you get a pond that is depleted in regard to K. These pond waters
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then nix with the shallow brine. JM suggested that they need to
see if they can find any information on the pond during the 80-81
winter. Either rainfall data or satellite images would be helpful.
9. CF commented on sampling strategies. He asked what pumping
htere they referring to in the discussion of sampling in the
guarterly report. JM said they were referring to pumping the wells
during the sampling process. ?hey need the surface to be dry so
that they do not punp surface water into the well. With the
surface dry they can be assured that they are getting a sanple of
the shallow ground water and not a sarnple of the surface pond.

10. JM said that this summer they will be looking at collecting
tritiun data. Precipitation values for tritium are now at 11
units. Low numbers (he got 4 last year) could indicate upward
leakage into the system of pre-bomb waters. The tritium sampling
is going to be of limited extent because of the cost of sample
processing. The most important use of tritium data is to identify
any potential recharge to the shallow brine aquifer frorn upward
flow from the basin fill aquifer. CF asked when they expect to get
results from the lab. JM said that they plan to have aII their
samples collected by the third week of August. The lab is
presently able to process this quickly, but this could change
because many offices in the agency wait until the sanple cut off at
the end of the fiscal year to submit samples. JM wishes to wait as
Iate into the year as possible to allow the maximun time for the
aquifer to stabilize after any mixing frorn the pond.

11. JM said that the Cl/Br data are a good line of evidence for a
dual porosity system. CF asked if the well fluids were depleted
with Br as a reaction time thing. JM suggested that reason for the
CI/Br analyses was to try and establish a mechanism for the
recharge of K to the system. This could be caused by the slow
diffusion of K fron pore fluids to fracture fluids. CF suggested
that this could be verified by an experiment where cores were
leached with distilled water. LC pointed out that they need to be
careful what they ask for because Blair Jones, who did the work on
CI/Br, has provided a substantial amount of data without cost to
the study. PA asked if there were other hypotheses out there to
explain the recharge of K. JM said no others are out there at this
tine. JM suggested that the only other sirnple idea available would
be from vertical rise of K rich waters from the basin fill aquifer.
CF asked if there were chemical data from depth to support this.
JM said he would have to look at the data. He said the ratios of
the different elements were nore significant than the absolute
concentrations.

L2. JM then reviewed the items planned for this quarter. Data
collection will be completed by the end of September. LC said they
are starting to work on drafting the report. Jl,l said there is a
lot of interpretation to be done and they don't yet have elevation
data from the BLM which will be used in the data interpretation.
CF asked if the data will be in spread sheets by nid September, and
if so, how long interpretation would take. LC said that an outline
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of the report should be available by the next meeting of the TRC.

13. KK then gave an overview of the status of the modeling effort.
He had focused on two things. The first ltas the cross sectional
rnodel that goes through the collection ditch. This was done to
establish the sensitivity of the rnodel to the geonetry of the
collection ditch. If the model is very sensitive to this geonetry,
then it will be important to measure the ditches in detail. This
cross sectional nodel was extended to the east and a variety of
ditch geometries was used. The result of the sensitivity analysis
htas that the model is not sensitive to ditch geometry. Flow did
not change more than 3Z for all the different geometries tested.
This is because of the permeability used. KK then reduced the
permeability by a factor of five and again the ditch geometry did
not create a significant difference in flow. Therefore precise
neasurements of the ditch system are not needed.

L4. The second cross section modeled was a long one from the
alluvial fan aquifer, across the salt, through the collection
ditch, to the highway. This is also a thick cross section
extending to a depth of 754 feet. This cross section was prepared
to see the interaction between the aquifers. They had trouble
getting a steady-state solution for this cross section because of
the density contrast of the fluids. There is slow convergence and
a 1ot of time steps need to be taken which increases computational
tine. The fresh water is dumping out of the bottorn of the nodel
(754 feet). There is a saline nose developing toward the alluvial
fan from the basin fill. CF and KK discussed the desirability of
specifying flux in the model as opposed to specifying water levels.

15. LC then requested that the TRC consider the desirability of
preparing two reports for this study. LC suggested that it nay be
appropriate for two reports to be prepared. The first report would
be a typical technical report. The second would be more of an
executive summary, perhaps even a pamphlet, that would be prepared
for general audiences. Lc requested input on this idea.

16. At 12:00 the meeting adjourned. It was decided that the next
neeting would be held on October 20. KK nay develop a conflict.
If this were to happen then it was decided to have Novenber 15 be
the alternative.



CHEMICAL CONCENTRATIONS OF
END-MEMBBR SAMPLES

Site Date pH Ca Mg Na K Cl SO4
(ms/L) (ms/L) (ms/L) (mg/L) (mg/L) (ms/L)

SW Pond 1-21-93 6.4 1 ,100. 130. 100,000. 400. 160,000. 2800.

(B-1-1 7)31acc-3 8-25-92 1 ,000. 4,600. 94,000. 8,100. 150,000. 8,000.

Site B Sr Li DS Br
(us/L) (us/L) (us/L) (ms/L) (mg/L)

SW Pond <10. 12,000. . 1 ,100. 272,000. 2.5

(B-1 -17')31acc-3 9,100. 29,000. 49,000. 274,00A. 28.0

PNOVISIONAL DATA

H-2lH-1 0-19/O-16

-143.0

-56.50

-19.73

-4.15
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CHANGE IN POTASSIUM CONCENTRATION AT SELECTED
WELLS

(B-1-17)llaac-l

(B-l-r7)zZaad-l

(B-l-r7)23abd-1

(B-r-r7)23bad-2

(B-r-r7)24bM-l

(B-r-17)29dac-l

DATE

9f24n6
sl19lsr
8lrrl92

7 Ru6s
r01465
7118166

8123t66
LOlr0166
7tu67
9t9t67
ep3n6
rclrrn7
rcpn8
8lrrl92

7 Ru6s
LOl4165

8lrrl92

rr19l6s
8tru92

6lr8l6s
7118166

ep3n6
8lL2l92

e24n6
r0lrrnT
rcf2n8
8f2st92

SP. GR.

1.r87
1.201

r.l9t

r.202
1.202
r.20t
r.2w
1.200
r.2w
r.199
r.t94
1.195
1.195
1.198

KCI Vo

1.19
r.23
l.l0
r.23
r.27
1.06
l.t4
r.26
r.28
1.48
1.13

K (mg[ )

7,500
3,900
7,3N

7,900
8,000
9,300
7,100

r.20
0.62
l.l7

r.205
1.202
1.198

1.195
1.195

r.2u
1.r99
r.r29
1.190

1.11
1.15
o.75

r.07
1.08

1.48
r.o1
o.M
1.09

r.r97
1.198
r.zffi
1.r98

r.53
1.46
r.75
1.59

2,6N
6,800

9,600
9,2N
11,000
10,000

PROVISIONAL DATA



(B-r-17)34ddd-l

(B-1-18)3rddd-r

(c-1-r7)15dM-l

(C-l-17)l7bba-l

(C-1-17)18cab-l

(C-l-18)llccd-l

(C-l-18)11ccd-2

DATE

7ROl6s
9R0t6s
7118166

8123166

Lolt0l66
sl2u8r
8r2sp2

9r22n6
8l18lez

5l2u8r
8126p2

ep3n6
sr2zftr
82slez

st22l8r
82,6te2

9n7 n6
8t26192

9127n6
8126192

SP. GR.

t.t94
r.195
1.190
r.zffi
1.199
r.213
1.186

1.&t9
r.062

KCI Vo

t.l7
r.20
l.l3
r.26
t.24
0.60
1.22

K (mg/L)

4,000
7,6N

1,500
1,700

4,600
4,300

9,zffi
8,000
9,600

7,700
9,500

2,m
4,600

2,W0
7,9W

1.194
t.r73

1.196
r.205
1.r92

1.205
1.195

1.189
r.2N

t.202
1.201

0.73
0.70

0.27
0.31

t.47
t.27
1.54

r.22
1.52

0.38
0.73

0.46
r.25

PROTI$ONALDATA
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RedlstribuElon Of Salt By Pond MLgratlon,
Bonnevllle Salt Flats, slest€rn Utah

Problem: The BLlt ls concerned that a potentially slgmlflcant
form of salc loss from t,l.e Bonnevllle Salt Flats ls by
wind-drlven surface ponds durlng wlnter months. These surface
ponds, whlch are composed of brine, can be blown over the area
lnfluenced by the brlne-collectlon dltches and thus, lnflltrate
into the subsurface. Also, durlng sprJ.ng months, salt can be
deposlted ln t,his same area by evaporation of the gurface ponds
and precipitation of salt. on the mud-flat, surface. This salt,
could then be dissolved by direct rainfall and subseguently
infiLtrate into the subsurface. The BLM wouLd like to know the
glrantity of salt tranaported by this nechanism and to have a
method by which this process could be monltored in t,he future.

Hvdroloqic Processes: The surface ponds form in the late
fall, most likely, as a result of the rising water table. When
evaporat,ion ceases or becomes negligible, brine from the
shallow-brine aguifer gradually accumul-ates on the surface of the
salt crust where it can be transported by wind. There is no
evidence to support the concept that the ponds are forned by
precipitation either as di_rect rainfall on the surface or as
surface runoff from the Silver Island Mountains. However, direct
precipieation will add to the volume of brine in the ponds and
can dilute the brineg to the point where dissolution of salt
might occur.

with this concept of pond formation in mind, the question may
arise as to what. area of the salt' crust does the brine originate,
or what- percentage of the brine is derived from private or leased
property? This can be escimated by defining the overall area
that might contribute brine to the surface ponds and then
determine what percentage of this area is private or leased. The
contributing area can be defined by delineating the area where
the $rater table is within a specified distance below land surface
during the fall before ponds beqin to form. The percentage is
then applied to the volurne of the surface ponds to determine the
amount of salt that might derived from private or leased
propert,y.

During the winter months, the surface ponds are moved in t,he
direction of the prevailing winds. These ponds may move within a
matter of a few hours with changing wind direction. with the
possible rapid movement of surface ponds, tracking t,he movement,
of the ponds is not feasible or practical.

:",j,*,t/ /Jo:, r.'(-t - & 4:, ,hr4
l/.-r( ) tL,,c,L,- lttt.,,ry'J ,-L €.'n/r,rB/....1.-.,
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Th€ tno m€thods of salt deposltlon within the area of influence
of the collectlon dltches, descrlb€d above, should be the prlmary
emphasls rather than tnerely tracklng the mlgratlon of ponds.
Infilt,ratlon rates need to be estlmat€d for the carbonate nud
betwe€n the salt crurt and the collectlon dltches. By knowJ.ng

t,he infllt,ratlon rat€ and estimating the lengrth of Ctunc gurface
ponds are |n thls area, the guantity of brlne infiltrating lnto
tbe sballow-brLne aguifer can be estinated. Turk and others
(19?3, p. ?3) est,lmated lnflltration for Ehe carbonate muds to b€
0.4 to 1.4 ftld. Lines (19?9, P. 85) stated that even the
infiltration rate of 0.4 tt/d is probably high. At best, Lines
t,hought, that infiltration rates are probably 10 Percene of those
for the salt crust, thus ranging, at most' from 0-25 to 0-4 ftld.
On the basis of these rates, Lines (19?9, p. 85) estimated that
2,000 acre-ft infiltrated into the carbonate mud within the area
of inf,luence of the collect,ion ditches. Tritiun values from
brine collected from six wells along the nort,h line of wells
between Che salt crust and the collection ditch suggest that, a

negligible guantity of brine from the surface ponds infiltrates
through the carbonate mud into t.he shallow-brine aquifer (see
figure). Additional sampling and tritium analyses are needed to
define this relation.

The other method of salt transPort into the area of influence of
the collection ditches is by precipitation of salt onto ttre
carbonate-mud surface uPon evaporation of ponds in the spring and
early srrnrner. An estimate of this guantity of salt might be
d.erived by examining satellite imageJ in Ehe fall, just prior to
pond formation, and in early stunmer after the ponds have
disappeared and a nen crust remains.



Approach: Inflltration of brlne from surface ponds, If It ls
occurrlng, would be the more colrrplex of the two Processe!.
Evldence from t,rltJ,urn analyseg, nentloned prevlously, suggestg
that lnf,lltratlon nay not be a slgnlflcant Proc€ss. To verify
chis hlpothesis, t,hree additlonal, hand-augered nells need to be
installed adJacent €o existlng deeper wells on ghe east end of
the north line of wells (see flgrure). These wells wiII be
completed at a depth such only the water-table surface will
sanpled. The brlne wLll be analyzed for triti"n and cotnpared to
values obtalned for brine from the deeper, adjacent wells. If
the new Erltium valueg are simJ.lar, then the hlpothesis for no
sigmificant lnflltratlon in t,his area would be substantlated.
AdditlonaL tritium samples would have to be colLected at ot,her
locations between the salt crust and the collection ditch in
order to verify the lack of infilt,ration throughout the area of
surface ponds.

If the new tritlum valueg rangs frorn 15 lo 25, then inflltratlon
would appear to be significant Process for placing salt into a

pathway for migrat.ion to the collection ditch. As a result' an

estimate for infiltration is neccessary for calculating total
infiltration during wint.er months. One method for estirnat,ing
infiltration rates would be Eo collect cores for geotechnical
analyses. By deterrning th-e vertical profile for specific
retention and using the VS2D model, the rate of infiltration can
be estimated. The disadvant.age with this method i3 the inability
to cotq)ensat,e for the retarded infiltration after the surface
clays have expanded as a result of hydration of the clay matrix.



An alternatlve nethod would be Co nreasur€ actual lnflltratlon ln
sltu. Thls could be accotpllshed by an actual flsld experiment
ln whlch brlne ls placed at th€ surface and lts lnflltratLon ls
meagured by nested tensloneterg; however, molt fleld trthods of
thls tlper such as the lnstantaneous proflle method, attow the
sarple water to lnfiltrate fully and the water content of the
sotl is meagured by the t€nslorneters ae the water moves downward.
As- vrlt,h the prevlous rnethod, the retardatlon at the surface l-s
included. Therefore, the fieLd method selected or developed must
be able to co[pensate or neasure this Possible retardation.

Esti.rnating the quantity of saft deposited on the gurface upon-
pond evaporation in the spring would reguire knowing the areal
extent of the salt crust in t.he fall prlor to Pond formatLon and
knowing the areal extent of the salt crust after pond
evaporatLon. Any increase in the areal extent of t'he salt crust
between t,he main part of the salt, crust and the collection
ditches to the east could be atst.ributed to pond nigration
assuminq all the nerr salt deposited is from the Ponds and not
from evaporation of brine within the Playa mud. By assumingf an
average thickness for the newly deposited salt based on field
measurenents, the volume can be estinated.

The changing areal ext,ent of the salt crust is a dynamic process
that depends largely on short and long-t.erm cli-oatic changes.
Any estimates of salt transPort by surface Ponds are only
approximations that involve snapshots in tirne and many
sinplifying assumptions. These estirdates should only be used to
determine the relative significance of this process in the
overall salt budget, for the Bonneville SaIt Flats.
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Methods For Measurl.ng Denslty Of SaIt, 6rust,
Bonneville Salt, Flats, t{€stern Utah

Problem: The Technlcal Revlew Counlttee (TRC) has reguest€d
t,hat the U.S. Geological Survey (USGS) proPose one or more
method! f,or measurlng the density and stratigraphy of the salt
crust. taklng lnto consideratlon sPatlal and ternporal variatl'ons.
The TRc believes that a density prof3.Ie through the varlous
layers of the salt crust is an fuPortanc cornPonent of the study.
The density values can then be used to convert the volume of
salt loss to units of weight.

Methodoloqv: There are basically two approaches for
measurlng denslty of the salt crust, extraction of undisturbed
sarnples for lab analysis oE measuring in situ. Because of the
noncohesive nature of the bulk of the salt crust, the usual
coring procedures used during drilling operations rere not
successful in collecting conplete, undisturbed cores of tbe salt
crugt. Therefore, to collect undisturbed samples of the salt
crust, a more lnvasive method would be needed where hOrizontal
samples could be cotlected. This would reguire cutt.ing large
holes (approximat.ely 1 square fooc or larger) in the crust in
order to gain enough access to collect horizontal ganPles

throughout the vertical profile. The collecEion of horizontal
samples appears to be the only method that lrould insure
relatively undisturbed samples. These samples could then be
meagured for bulk density by extracting the intergranular brine
and then drying and weighing. The necessity for extracting the
intergranular brine would be to reduce t,he error resulting from
the precipitation of salt during the drying Process. An

alternative method would be to extract the intergranular brine
and then irnpregmate the pore space rrith a pigrmented resin. A

photograph of the irnpregnated surface would be taken and the area
of the pigimented resin would be determined. By assuming a value
for the density of halite, the density of the saryle can be
estinated based on the area of Pore sPaces. This nethod ndght be
less accurate because the detersrination involves only a flat
surface rather than a voh:rne.

The advantages to the sarnple-extraction method described above
woutd be the small- expense of the eguipment involved, the ability
to determine t,he existance of sigmificant silt layers if
present, and the use of siurple nethods for deter:minig density.
The disadvantages would include the necessity for cutting large
holes in the salt crust and the large time regnirement involved
to obtain a single vertical density profile. Because of these
disadvantag[es, it would not be feasible to have a large number of
data points for spatial variation.



There are two posslble tt€thods for deternlnlng denstty tn sltu.
On€ nethod woul.d generate an av€rage density for the upper 12

inches of the crust and the other would generate a vertlcal
densley profile. The fLrst method would use an instrunent
deslgned to measure highway road-bed compaction. Thls instrunent
could be used readily at nunerous sites. An one-inch dlameter
hole would be drLlled 12 lnches -into the crust. A probe wlth a

cesium-13? source would be placed int'o the borehole- The
detector in a box at the gurface generat,es an average bulk
density for the saLt from the surface to a depth of L2 inches.
The advantage to this method is the ability to make numerous
density meaaurements thus, insurLng good spatial and Benporal
representations. The disadvantage of this method is t'he
inabllity to obtain a vertical profile. only a single average
value for the upper 12 inches would be obtained and that value
would be applied to the entire crust at locations where the crust
is thinner and thicker than 12 inches. At locations where the
dense upper salt crugt. exists, the single average value would
incorporate the dense, fJ-ne-grained salt and t,he less dense'
coarse salt.

The second in situ method would involve the use of garuna-gamMl
(density) logging techniques. sirnilar to the surface densit,y
instru.EEnt mentioned above, chis tool also uses a cesium-137
source. The tool would be lowered down the borehole' thus
producing a vertical density profile. Because of the short'
interval to be logged, less than 5 feet, a short tool must be
used, t,hus reducing the average radius of penetration. For this
reason, existing shallow wells rnight not be usable because of the
PVC casing and grout. in the borehole. If the existing wells are
unusable, then new access holes would need co be drilled. This
is a simplified description of the method that does not mention
the need for detailed calibration and st,andardization procedures.

The advantages of this method include the generation of a

vertical density profile and Lhe abiJ'ity t,o obtain data at
several sites. The disadvantage involves the probable need to
drill new logging access holes.

Both of the in situ methods mentioned above would require the
acquisition of the necessary instrumentation and the proper
operating license. The surface density instrument costs
approximatety 94r500. The cost, for garuna-gar6B logging equipment
were not obtained.



Addendum to progress report for the TechnLcal Revler
Comrittee dated February 2, 1993

In the dlscussion on the comparison of potagsiun and magnesium
values ln well fluids and pore flulds, the report stated that, t,he
concent,rat,lonr of potagsiunr and magmeslum were higher in the pore
fluidc than in the well flulds. This ls generally true rhen
comparJ.ng pore flulds to well fluids from all shallow-brine
wells. By taklng int,o consideratlon the locat,lon where each core
was obtained, the concentration of potassium and magmesitrm in the
pore fluids is sirnllar to the concentration in the well fluide
from adJacent wells.

Even t,hough the concentrat.ions of potassium and magnesiun in t,he
pore fluids are simllar co the concentratlons in well fluids in
the vicinity where the cores were coLlected, diffusion of
potassium from the pore fluids might be a possible explanacion
for the apparently stable potassium distribution in the
shallow-brine aguifer from 1975 to L992.

Additlonal core sampling of saturated deposits at the margins of
the salt crust would be beneficial in order to obt,ain a better
areal distribution of pore fluids. These sarnples could be
obtained by hand-auger techniques. From the additional
informat,ion, more comprehensive comparisons can be made on the
areal distribution of potassium and magnesi"m in both well fluids
and pore fluids.
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Dllnuteg of thr lleobnl.oal Brvlor Connlttm
lleetlng of February 2, 1993
Recorded by nhillp Allard

Attendance:

Conmittee Menbers:
Paul Anderson (PA)
Craig Forster (cF)
Wally Gwynn (wc)
Jin Kohler (JK)
Hugh Coltharp (HC)
Stanley Plaiser (SP)

BLM Representatives:
Phil Allard (PhA)
Deane Zeller (DZ)
Mike Ford (Mr)
Cheryl Martinez (Cl{)

U. S. G. S. Representatives :
Lee Case (LC)
Jim Mason (JM)
Geoff Freethey (cf)
Joe Gates (JG)
Ken Kippe (KK)

Prelirninarv Meetincr, USGS Renresentatives Not Present:

A prelirninary meeting nras held beginning at 9:00 am. in the BLl,t
conference room at the SaIt Lake District office. The
representatives of the U.S.G.S. were not in attendance at the
prelininary neeting.

1. Minutes from the LLl3l92 ureeting were presented. PA said
there were a couple of tlpos. TN said that on iten five on page
four the words rrbasal partrr in the second sentence should be
changed to niddle portionrr. with this change, PA moved that the
minutes be accepted as nodified cF seconded and the notion passed.

2, PA introduced the need to elect officers for the connittee for
the new year. SP, DN, and WG were not yet present. Therefore the
election was table until the post meeting.

3. PA then discussed the UscS materials. PA said that he was
pleased with what had been subrnitted. CF then said that he was
pleased but had questions for the USGS.

4. CF was puzzled by the potentiometric surface map, particularly
the low on the edge of the area near the Silver Island Mountains.
CF wondered about the conceptual model used by the USGS to draw the
contours. None of the wells in the pump test seemed to be used in



the nap. PA said that he was not clear about how the density of
the flutd effected the contours. CF eald that lnferrlng the
dlrectlon of flow from the contours of the potentlometrlc eurface
was not strictly appropriate when looklng at systens where the
densltles of the fluld varied. The real way to interpret the flow
wlll be through the solute transport nodeling. Wlth density
correction there is an accentuatlon of the mound ln the
potentlonetrlc surface in the center of the salt crust. CF stated
that there is a potential difficulty with the nap if there ls
variation in the depth of the wells used for constructlng the map.
PA said he assumed they were dealing with the shallow brlne
aquifer. WG said that is what they nere charged to study.

5. PA said that he was pleased that the USGS was looking at the
base of the computer model. He indicated that he was concerned
that an inrpermeable lower boundary to the system ma be unrealistic.
5. PA asked WG about the KI data. PA thought it was interesting
that some aloes had increased since the Lines study. PA also
though it was interesting that there was a difference in values
between the values for well ftuids and for pore fluids. IilG said
that it is not significant to look at Kl in isolation fron other
conponents of the brine. It is inrportant that brine analyses
report cation-anion balance. PA asked if data by dry weight
percent was an appropriate method for reporting the data.

7. CF said he was curious about the pond nigration study changes
proposed. CF said that on the surface it looks like a reasonable
approach but wondered if others had comnents. PA said that he
thought it was reasonable. CF said the urost useful component would
be through the use of the tritiun data. CF said that you needed
heliun (He) data as weII. Conbined He and tritium data can give
you absolute age dating in the years to tens of years range. PA
asked if there is anbiguity in the tritiun data. CF said that
there can be. TN asked how easy is i to measure for He. CF said
that it was straight forward but does cost a bit, several hundred
dollars per sanple. AIso it is research based and is not
corn'nercially available. CF said that a full study would run $5rOOOto $10r000 for the analyses.

8. PA stated that he hoped the USGS reports on their schedule and
their budget. SP said that it looks like they are getting close to
their deadline for completion.

9. TN asked about the salt crust bulk density issue. He wondered
if there ltas anything in the published literature which addressed
this issue. JK said that really isn't very much. SP said that he
assumed that he assumed from the USGS write-up that they hrere
discussing a nuclear density gauge. SP said that his extrlerience
indicated that you can get a profile from the tool, but it could
only go L2 inches deep. The detector is at the surface and the
probe is lowered into the ground, but can be stopped at a variety



of depthe.

llaln Meetlng, USGS Representatives Present:

1. PA welcorned the USGS representatives. He thanked then for the
infornatlon that they had provided and lnvlted Jil to proceed. Jf.l
said that progress included contouring a set of water level
measurements. There are data points that are nLseing fron the data
set because they do not yet have elevation control. The nap aeenE
Einilar to the one produced by Llnes which would indicate that the
systen is in equilibriurn even though there is seasonal variatLon.
GF said that the density correction nas about O.25 feet on the
average. In order to understand vertical relationshlps you needed
to consider density and the gravity component of the velocity
vector rather than look at the systen fron the point of view of
fresh water head eguivalent. SP asked what was the density that
was used for corrections. cF said that a specific aravity of 1.18
was used. PA asked what had Lines done. Jl{ said that he reported
both uncorrected and normalized to fresh water head equivalent.

2. cF asked if JM had an explanation as to lrhy the contours
declined to the north west. JM said that Lines attributed it to
the purnping the wells in the alluvial fan aquifer. The wells ln
production are quite a distance to the south and west. Punping
would have to propagate tens of miles to the northeast which is
strange. cF asked if resolving this is a significant problem. JM
said that it is irnportant to understand this issue. They tried to
get a well in near the weather station on the alluvial fan, but
drilling conditions did not allow this fall. The area where the
contours start to decline is still in the nud flats. CF suggested
that vegetation may be sufficient to provide a draw down to the
system; perhaps the draw down here is a result of going from
unvegetated to vegetated conditions. This would be a localized
draw down effect. JM suggested that winter/early spring data would
not show this same draw down, and the data they contoured so far is
for the June-July water level measurements. CF asked is the
southeast draw down was related to the ditches. Jl[ said yes. SP
asked if the data rrere collected at the same tirne and how were they
corrected. JM said that the data nere collected in June and JuIy
and were all corrected to a specific Aravity of 1.18, so the water
level of water fresher than this was lowered and the water level of
water more briny than 1.18 was raised. Water level data were
collected in March-Aprit ,92, June-July '92 and October '92. The
last two sample runs are the nost complete because additional wells
were installed during the spring and sunmer and are not included in
the first sarnpling run. Cornplete elevation data are not yet
available so the spring and fall data have not been contoured.

3. SP asked about the piezometers that are nornal to I-80. Jl,[
said that they have been installed and water levels have been
measuredl however, they do not yet have elevation data so the



analysls of head dlfferences acroEE I-80 hae not yet been
completed. JM eaid that they are trylng to correct thlE problen.
He sald that he had uret wlth Don Buhler of the BLM and hls staff le
golng to try and get out to do the measurenents Ln late February.
JM has nade arrangements for Pam Muir to go with the surveyore to
ensure that all of the new wellE are surveyed.

4. PA asked lf the potentiometric surface map was on the shalLott
brlne aquifer. JM said that it includes nells that are 25 feet or
Iess deep. PA then asked if the screened Lnterval was in that 25
feet. Jl,[ said yes the screened Lnterval was within that 25 feet,
inplying that the screen was not necessarily at the very same depth
in each hole.

5. PA asked about the vertical component of the systen. Jl{ EaLd
that they still lacked the elevation data needed to conplete thie
analysis. PA said that intuitively he could see up welling ln the
center of the basin with flow across the surface of the nud and
then flow into fractures in the alluvial fan systen. this could
explain the flow toward the alluvial fan implied by the
potentiometric surface nap. PA iltustrated this on the board. PA
suggested that if the fractures are only in the surface clays then
you uright get this kind of circulation. JM said that he didn't
think that this was happening because the coarse material in the
alluvial fan was encountered deep in the hole (about 200 feet below
the surface) and because the surface elevation was rising along the
alluvial fan. Jl,I said that the fracture dourinated systeu also
appears to be confined to the center of the playa and there is an
extensive area of unfractured mud between the center of the playa
and the alluvial fan. The coarse material in the alluvial fan is
also very close to the Silver Island Mountains.

6. Jll then passed around his working copy of the cross section
fron the study area. He had attached stiff diagrams which
illustrate the chemical analysis of the waters to the cross
section. JM said that he was surprised to find all of the waters
to be of the same chemical characterl dominantly NaCI. He sould
have expected the water near the alluvial fan to have a strong
sulfate and carbonate contribution but has not found this to be so.
He had also plotted oxygen and deuterium values on the cross
section. The oxygen and deuteriurn data indicate that from the
mountain front to the berm southeast of the punp test well you have
neteoric water and from the bern to the mud flats you have
evaporative water. He would have expected carbonate and sulfate
type waters near the alluvial fan but instead you have NaCl
dominated water throughout. JM speculates that you are not having
flow from the mud flat to the fan because of this and suggested
that you are having propagation along the fan because of pumping.
LC said that it would be more cost effective to explore this issue
with nodeling than it would be with additional drilling.
7. CF asked if it would be appropriate to look at the vertical



conponent hrlth nested piezoneters ln the center of the 42L4
contour. Jl,[ eald that they have a nested set wlth 7 lntervals
nonitored. The seven welle go fron 2 feet to 500 feet. It lE an
lnrportant component of the study. JIrl has a workLng hypothesLs that
there ls not a vertical component that would provide recharge of
the system fron depth.

8. JM said that he had gotten some additional data slnce the
progresa report on pore fluids and well flulde. He wrote an
addendun to the quarterly report and passed it out to the group.
I{hen you look at the location of the eanples and the contours the
sinilarity of the pore fluids to the well fluids Ls very close, so
the write-up in the initial progressi report is sonewhat niEleading.
The pore ftuids could be a possible source of potassiun, slowly
releasing potassiun to the active aguifer. This could explaln the
sinilarity between the Kl contours today and those reported by
Lines. The contour map in the report is of well fluids. the pore
fluids range in potassium content from lt to 1.5t by weight
percent. One core adjacent to the Salduro Loop shows pore fluids
depleted in comparison to the well fluids. JG said that this
lessens the evidence to support a dual fluid model (pore
fluids/fracture fluids). cF asked if there are significant
differences from Lines. ;n[ said that there were in only two
Iocations. CF asked if they get consistent cation/anion balance in
there analyses. Jlt said that he has had some problems with the
lab. CF asked if the Lines data are credible can we then compare
the data sets to nake some conclusions as to long tern changes in
the system. Jlt said that you have to be very careful because the
basic systen is quite similar fron one point in time to another.
LC said that if they are having problens with cation/anion balances
he will caII the lab. LC said that the lab doesn't routinely run
samples that are this concentrated so they have had sone problems.
LC said that they are using the same lab as Lines so that they can
make conparisons in time and not have to account for any
differences because of differences in labs.

9. JU said they have sent the salt cores to Reston and Reston has
forwarded then to SUNY Binghanton for a study of fluid inclusions,
but no results are yet available.
10. JM said that they had important work scheduled for the near
future which includes water level measurements in the winter, but
access continues to be a problen. The deepest water is at the end
of the access road and is now about 18rr deep. Four wheelers are
the only way that they can get around, but hypothermic conditions
are a safety concern. They plan to continue rnonitoring the punp on
the production ditch. Jlt[ said that they (Reilly Industries) have
been punping periodically this winter, but they don't generally do
this. Ju asked sP if he knew why this was happening. SP said that
he didn't know but also thought that they didn't nornally punp
during the winter. JM said that this could lead to questions in
the simulation. They know fixed conditions during production



nonths but there ls no real certalnty aa to what they ars dolng
durlng the wlnter months.

11. JM sald that data supplled by Rellly lndustrles on wlthdrawale
from the production ditch is considerably hlgher than what USGS
measured with their gauge. sP said that he na8 worklng on nore
specific data and w111 piovide lt. SP said that he wae worklng on
more specific data and witl provlde it. PA asked what the
relationship with ReiIIy Industrl.es was llke. J![ eaLd that he
needs to be more speclfic with any future requests for data. Jl.t
aeked for discharge data fron the ditch. He receLved one dLscharge
nunber for each month. He suspects that they measure weekly and
didntt expect an aggregated number. Lc asked sP lf Rellly lf the
Rellly folks could call JM regarding any future data requests. SP
said that he will do what he can but reported that he has
experienced sinilar problems from tine to tlne. Jl{ said that the
data is confidential so they can use it in their model but wontt be
able to publish the data to docunent their nodel. LC said that
they will need to address this issue at the tine of the draft. LC
said that it will be difficult to get a blanket release from
Reilly, but they may be able to get a release once Reilly gets a
chancl to see the specifics. PA suggested that we start working on
this issue now. LC said that he didn't think that the USGS should
undertake this unilaterally at this tine, but suggested that the
cornmittee uright want to work on it. JIt{ said he has never used any
Kl values. Volume data is the only thing that the USGS is
interested in at this tirne. TN said the crucial thing is that you
focus this request, (data release) to data that are important to the
study or crucial to it rather than have it as a general or blanket
request. JM asked about collecting data from the south ditch (on
private property) and reported that Clarence Prentice said no. LC
said that they could get a letter together to list the kind of data
that they want to use in publication and then get that letter to
the BLM for discussion with Reilly.
L2. JI,l said they still had 4 issues to discuss, vertical
gradients, salt crust bulk density, salt redistribution from ponds
and computer nodeling. CF asked if we should schedule another
neeting- J![ said that the salt density issue and pond migration
issue relate to decisions which need to be taken in the near future
and are key. cF sid that scheduling and budget are important
issues. LC sid that it is most important to hin to have KK present
his naterial because he is on per dien from Denver. PA said lets
take care of that then. KK then presented a status report on
vertical gradients and the status of the conputer rnodeling.

13. KK started with a discussion of vertical gradient. Gravity
component of vertical head is a confusing topic for some people.
In systerns that don not have variable density, water level maps can
show the direction of flow. Variable density ftuids dontt react in
the same way. It is inportant to consider the basic forces
involved. Here KK gave a credit to the work of Hubbard. There are



two components of the force lnvolved ln flow. There 1g the
pressure conponent and the gravity conponent. l{hen a fluld ls ln
equllibriun pressure and gravlty are ln balance and no movenent
takes place. In a dynanic situatlon the downward force of gravlty
and a tllt to the pressure fleld give a net vector that descrlbes
the flow of the naterial by rate and dlrectlon (force vector). In
an lsotropic nediun force vector and dlrectLon of flow are
parallel. When two fluidE of different deneltles are ln the Eane
system each fluid will have a different force vector becauee the
gravity conponent of the equation will be dlfferent for each fluld.
Although it can be assuned that the gravitatlonal fleld ls cons,tant
for both fluids, the density of the fluld ls considered when
deterrnining the gravity conponent used in deternining the force
vector. KK discussed force vectors in detail to show how
correction of density to fresh water head works mathenatically. He
said that sometimes it is more convenient to correct to average
density than freshwater head. For sirnplicity he said that he
disregarded any difference in viscosity between salt and fresh
water. PA asked about the term H1, is it the reference head? KK
said that you can chose any density you like, you don't need to
select fresh water. JM said that the only data you need to collect
in the field for this are head and density. However, correction to
a standard density doesn,t account for changes in velocity if you
just map the head. Therefore you can not piek the hydrologic
gradient directly off of a potentionetric surface nap because it
ignores the gravity component of the fluid. CF asked if they look
at pressure in the nodel. KK said that they also loolc at pressure
differences in the model. They are using code that uses pressure
differences in the model because of the difficulties inherent in
using potentiometric surface maps for gradient determinations.

14. KK then took time to discuss the model. The model has
developed since last meeting. KK said that he was now at the
second generation. KK as removed the Nt{ corner where the Silver
Island Mountains occur and has napped in the production ditches
more realistically. They changed the boundaries slightly using a
specified flux at the NE border and specified pressures on the
other boundaries. They are still working with a single density
fluid so they can calibrate the boundaries. The are still assuming
no flow aeross the base of the modeled area. The model is a node
based rather than a cell based nodel. They have assumed no flow at
the boundary with the Silver Island ltountains, but they intend to
change this condition as the data interpretation proceeds. They
will probably assume leakage from the shallow brine aquifer to the
alluvial fan aquifer. They are assuning a net recharge to the
systen over time, but this may change.

15. CF asked if the tritiun data suggest a net recharged system.
It can be interpreted several ways at this tirne. JM said that he
wants to look at this in greater detail, including auguring
additional shallow wells. CF said that he wants to talk about using
Heliun data to help in the interpretation of the tritiun data.



16. KK said that the nodel was then run to steady state condltion.
The results of thls run yielded a lot nore flou fron the ditch than
LineE and less out of the south boundary. The largest fluxeE are
net rainfall in and the ditch out which are about in balance. l{hen
looking at the computer generated potentiometric eurface nap lt ls
apparent that the NW boundary is unrealistlc because tt dlffers
narkedly from observed conditlons.At thiE tine the urodel is having
a difficult tirne naintalning uniform inflow and outflow.
Computationally the model is slow taking as much as 30 nLnutes to
run (this depends on the denand for input and output). KK reported
that his workstation had been upgraded to run as much as fLve tines
faster. High heads on NW boundary can achieve steady state flow by
inflow from the east. There is large outflow to the south because
of the specified pressure boundary conditions.

L7. PA asked about vertical variation of hydraulic conductivity.
KK said that he has no data on vertical hydraulic conductivity and
takes all of his assurnptions frorn Lines.

18. CF asked if KK wanted to extend the model to the north or to
the east. KK said that they have no data to the east, but they
could move the model to the east to see if it helps. CF pointed
out that there is only one grid block east of the ditches and the
nath may work better if they move the grid to the east. LC said
that they would be doing a sensitivity analysis to see haw
sensitive the ditches are to this.
19. There lras a discussion of the status of the budget. LC said
that he can report the budget based on managernent category, but it
isn't broken down by project conponent. He said that he would
consider the study of the bulk density of the salt crust to be a
contract add on. Since no additional funding is available,
sonething in the study would have to be foregone if USGS lrere
required to pick up the bulk density of the salt crust issue.

20. PA then asked about the bulk density issue. PA feels that the
TIC is still strongly in favor of collecting data in this area. He
said that he was happy with the ideas that USGS subnitted. PA said
that he felt that a vertical profile of the density was inportant.
Jl,I pointed out that the write-up subnitted was sinplified and
emphasized there is a lot of calibration that would be needed for
any geophysical tool used. At this tine there is no g"uarantees
that the results of such a study would be sound. JM said that he
didntt have an estimate on cost and didntt know what part of the
existing study should be dropped. JM said that there nay also be
temporal variation in density. Seasonal variation may be difficult
because there are only two seasons for data collection left. SP
had a conment on page two of the proposal. He said that he assumed
that JM was discussing a nuclear density gauge. He is concerned
about correlating the tool and calibrating the tool. He said that
the tool can also measure at variable depths dorrn to 12 inches. ;nll



said that he understande that that ie the caae. He passed around
a sample of a core of the salt crust. JM Eaid that gama-gana
logglng nay not be able to sarnple the slurried naterial effectlvely
and the grout and casing of the wells may effect the results. PhA
told LC not to spend tlne constructing a cost estimate on this
study element until he checked with the Contractlng Offlcer. LC
agreed to supply the most current budget data to the BLM based on
USGS management categories.

2L. PA suggested that the group skip to the pond issue. JM said
the pond issue has been difficult. JM said that he ls looking for
a nethod that wasn't labor intensive so the nethodology could be
adapted to the long term monitoring of the situation. JM said that
he felt that rneasurement of end point conditions would be most
effective. They wiII be underway with this approach as quickly as
they can which nay be the end of February. PA said he felt that
the USGS was headed in a reasonable direction. SP said that he had
a general reaction about quantifying the character of the salt
crust as being even more important than the pond rnigration study.
It hras suggested tat the Pilot Valley study nay be available to
fund a salt density study.

At this point the meeting adjourned. Because the agenda was not
complete, the TfC decided to reconvene on February 23, 93 at 9:00
am. At this tirne they plan to discuss the salt density issue, the
pond nigration study, and conduct an election of officers.
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